Journal homepage: http://www.ijcmas.com Field experiment was undertaken to evaluate the response of sugarcane variety CoC 24 to application of bioinoculants, viz., Gluconoacetobacter diazotrophicus, AM fungi and Azophos (Azospirillum and phosphobacteria), under different levels of N, P 2 O 5 and K 2 O inorganic fertilizer. The results revealed that the application of mycorrhizae, G. diazotrophicus, Azospirillum and phosphobacteria significantly produced higher cane yield in plant crop. The application of Gluconoacetobacter diazotrophicus @10 kg + AM fungi @ 50 kg/ ha + Azophos @10 kg + 75 % NPK recorded higher germination (87.36 %) and maximum tiller population (1,94,185/ha). The soil samples were collected before planting and after application of inorganic fertilizers and bioinoculants and were analyzed for the microbial population count and also for the dynamics in the soil nutritional status. The bacterial, fungal and diazotrophs population was also maximum with the application of G. diazotrophicus+ AM fungi + Azophos + 75 % NPK. It also significantly enhanced the total nitrogen content, available phosphorous, potassium and organic carbon content in the soil. We have also recorded the maximum mean millable cane population of 1.32 lakhs /ha, cane yield (137.45 t/ha) and sugar yield (16.96 t/ha). Applied bacterial sources helped in nitrogen fixation. Continuous mobilization and solubilisation of nutrients and their persistence and colonization in soil was an added advantage which also enhanced the soil fertility.
Introduction
Sugarcane is an important industrial crop of the Indo Gangetic plain region of South Asia with an approx. 4.2 million hectare area in India where rice -wheat sugarcane crop rotation is the major production system. The extensive cereal based cropping and lack of legumes led the soil poor in organic carbon content. Sugarcane is a very demanding crop, as for a cane yield of 100 t/ha, it needs about 205 kg N, 55 kg P 2 O 5 , 275 kg K 2 O and a large amount of micronutrients from soil (Yaduvanshi and Yadav, 1990) .
In order to sustain productivity, major nutrients are provided each year at the recommended application rates of 150 kg/ha of N and 60 kg each of P 2 O 5 and K 2 O for sugarcane. The efficiency of sugarcane to utilize N range between 16 and 45% as large quantities of applied N leach down through soil layer due to irrigation (Yadav and Prasad 1992) . Deterioration in the physico-chemical and biological properties of soil is considered to be the prime reason for declining sugarcane yield and productivity. The bio-fertilizer application increases crop growth through combination of BNF, growth promoting / hormonal substances, increased availability of soil nutrients and disease resistance. The importance of bio-fertilizer lies in the ability to supplement/ mobilize soil nutrients with minimal use of non renewable resources.
Endophytes play major role in sugarcane cultivation and in broader term endophytes includes fungal, actinomycetes and bacterial forms. They reside with in the interior of plants without causing disease or forming symbiotic structure and inhabit various tissues of seeds, roots, stems and leaves (Johri 2006) . The exact role of such endophytic community is not yet very clear but few experiments were conducted with micropropagated sugarcane plants suggests the positive colonization and its contribution to plant growth and development in terms of plant height, nitrogenase activity, leaf nitrogen biomass and yield. Field trials conducted in sugarcane with Glucanoacetobacter diazotrophicus with other diazotrophs can match yield level equal to 275kg N/ha application (Sevilla et al., 2001; Muthukumarasway et al., 2002; Oliveria et al., 2002) .
Prevalence of endophytic PGPR strain in sugarcane has been recently established and their antagonistic activity against red rot pathogen was identified (Viswanathan and Samiyappan 2002). Glick (1994) studied that mycorrhiza plays major role in terms of resistance to bacterial and fungal pathogens, increased photosynthetic rate and enhanced stomatal regulation under water stressed condition in sugarcane. Concerning the above problems the current study was focused on the use of bioinoculants to enhance the sugarcane growth and also to assess the functional potentialities in relation to plant growth promoting activities like IAA, phosphate solubilization and nitrogenase activity with the objectives to study the effect of microbial inoculants on growth and nutrient uptake in sugarcane, standardizing the efficient combination of bioinoculants for maximizing sugarcane productivity and to explore the possibility of reduction in inorganic fertilizer input through bioinoculant application.
Materials and Methods
The experiment was conducted for a period of 1 year (2010 -2011) at Sugarcane Research Station, Cuddalore with ten treatments in three replications in a Randomized Block Design. The sugarcane variety taken for the study was CoC24. The maximum and minimum mean temperatures of the location were 31.7 o C and 24.1 o C, respectively. The mean annual rainfall was 1200 mm. The soil of the experimental field was sandy clay loam, with low available N (186.84 kg ha -1 ), medium in available 'P' (16.5 kg ha -1 ) and medium in available potash (265 kg ha -1 ). The pH of the soil was 7.2. The bioinoculants, viz., Gluconoacetobacter diazotrophicus, AM fungi and Azophos (Azospirillum and phosphobacteria) were used along with inorganic fertilizer. The treatments used in the experiment were as follows: Gluconoacetobacter diazotrophicus + 75 % NPK (T1); AM fungi (colonized root bits) + 75 % NPK (T2); Azophos + 75 % NPK (T3); Gluconoacetobacter diazotrophicus+ AM fungi (colonized root bits) + 75 % NPK (T4); Gluconoacetobacter diazotrophicus + Azophos + 75 % NPK (T5); AM fungi (colonized root bits) + Azophos + 75 % NPK (T6); Gluconoacetobacter diazotrophicus+ AM fungi (colonized root bits) + Azophos + 75 % NPK (T7); Gluconoacetobacter diazotrophicus+ AM fungi (colonized root bits) + Azophos + 100% NPK (T8); Recommended NPK (100%) alone (T9); 75% of recommended NPK alone (T10);
The data collected on germination count, tiller population, millable cane population cane yield commercial cane sugar per net sugar yield were pooled and analyzed. The population of bioinoculants was enumerated by pour plate technique (James 1958). The soil samples for microbial enumeration were collected before planting, 30 days after planting and 120 days after planting. The available soil nitrogen (Subbiah and Asija 1956) , phosphorus (Olsen et al., 1954) and potassium (Standford and English 1949) were analyzed. The yield was recorded along with the quality parameters.
Results and Discussion
The plant crop was raised during 2010-2011 with sugarcane variety CoC24. Sett treatment and soil application with bioinoculants was done as per the treatment schedule.
The inorganic fertilizers were also applied as per schedule. Regarding germination and tiller counts, the application of Gluconoacetobacter diazotrophicus @10 kg + AM fungi @ 25 kg/ ha + Azophos @10 kg + 75 % NPK recorded higher germination of 87.36 % and maximum tiller population of 1,94,185 / ha (Table 1) .
The soil samples were collected before planting and after application of inorganic fertilizers and bioinoculants and were analysed for the microbial population count and also for the dynamics in the soil nutritional status. The bacterial and fungal population was maximum in G. diazotrophicus+ AM fungi + Azophos + 75 % NPK with 43.33x10 6 cfu/ml, 68.33 x10 7 cfu/ml and 26.66 x10 4 cfu/ml, 45.66 x10 4 cfu/ml at 45 th and 105 th day respectively. In case of actinomycetes, the maximum count was recorded in G. diazotrophicus + AM fungi + Azophos + 100 % NPK with 14.33 x10 4 cfu/ml and 30.00 x10 4 cfu/ml ( Table 2) . The treatment with G. diazotrophicus + AM fungi + Azophos + 75 % NPK recorded the maximum population of G. diazotrophicus (39.33 x10 4 cfu/ml and 44.00 x10 4 cfu/ml), Azospirillum (35.33 x10 4 cfu/ml and x 50.66 x 10 4 cfu/ml), phosphobacteria (32.00 x10 4 cfu/ml and 41.00 x10 4 cfu/ml)and Pseudomonas (46.66 x10 6 cfu/ml and x 52.00 x 10 6 cfu/ml) at 45 th and 105 th DAP respectively ( Table 3) . Application of G. diazotrophicus+ AM fungi + Azophos + 75 % NPK significantly enhanced the total nitrogen content, available phosphorous, potassium and organic carbon content in the soil (Table 4) .
Application of G. diazotrophicus @10 kg/ ha+ AM fungi @ 25 kg/ ha + Azophos @ 10 kg/ ha + 75 % of the recommended NPK recorded the maximum mean millable cane population of 1.32 lakhs /ha followed by G. diazotrophicus@10 kg + AM fungi @ 25 kg/ ha + Azophos @10 kg + 100 % NPK with 1.29 lakhs millable cane / ha. Similar trend was observed with cane yield and sugar yield with 137.45 t/ha and 16.96 t/ha respectively with the application of G. diazotrophicus @10 kg/ ha+ AM fungi @ 25 kg/ ha + Azophos @ 10 kg/ ha + 75 % of the recommended NPK (Table 5 ).
The increase in yield and enhanced quality parameters was due to the combined effect of the bioinoculants along with the inorganic fertilizers. The biofertilizers application enhanced the yield and quality parameters and also essential to maintain soil microflora population and protect soil fertility from deterioration. Significant changes in various plant growth parameters have been shown by the inoculation of various nitrogen fixing and plant growth promoting bacteria (Nayak et al., 1986; Murty and Ladh 1988; Gunarto et al., 1999) . Sevilla et al., (1998) , have shown the benefits to sugarcane growth by using Nifmutants of Acetobacter. In addition to nitrogen fixation the beneficial effects has been attributed to the production of plant growth hormones also (Sevilla et al., Kennedy 2000) .
Application of phosphorous from different sources, i.e., from inorganic and as bioinoculants (AM fungi and phosphobacteria) was found to be effective in sugarcane. Continuous availability of the valuable nutrients and their persistence and colonization in soil makes the soil more fertile and healthy. The mobilization of P from soil to the plants is mediated by hairy root systems of the mycorrhizal fungi through plant roots. It commonly infect plant roots, including those of sugarcane forming beneficial symbiotic relationships (Kelly et al., 1997) .
The improvement in plant growth was attributed to an enhanced access of mycorrhizal root to soil phosphorous located beyond the rhizosphere (Sanders and Tinker 1973) and infection by mycorrhizal fungi is significantly rduced at high soil phosphorous levels (Amijee et al., 1989) . Mycorrhiza was found to be compatible with nitrogen fixers viz., Rhizobium (Hayman 1986 ), Acetobacter and phosphate solubilising bacteria (Bagyaraj and Menge 1978; Singh and Kapoor 1999) . It also holds good for sugarcane. The inoculation of bioinoculants is beneficial for sugarcane growth for increasing the plant vigour at lower nitrogen levels, consequently the amount of fertilizer could be reduced. AM fungi and phosphobacteria are very much essential to convert the unavailable form of the phosphorous source to available source and providing to the plants. The usage of these bioinoculants in turn reduces the inorganic fertilizer input and thereby reduces the cost of cultivation. With this reference these bioinoculants can be recommended for their use in nutrient management and enhanced sugarcane productivity.
